Abstract. In this study, bio-glass 45S5 powder was added to pure magnesium powder to produce the magnesium/bio-glass composite by powder metallurgy method. The composite was synthesized based on 5 wt. %, 10 wt. % and 15 wt. % of bio-glass. The composite was investigated from the point of view of its microstructure, physical properties and in-vitro bioactivity. Microstructural analysis showed that bio-glass was agglomerated with increasing content of bio-glass. Density and hardness of composite increased as the content of bio-glass increased. During in-vitro test, corrosion resistance increased as the content of bio-glass increased.
Introduction
Biomaterials are defined as materials or any substance (other than drug), whether synthetic or natural, used to interface with biological systems and can be used as a system or part of a system (implant) that treat, augments, or replaces any tissue, organ, or the function of the body [1] . For metallic materials, researchers are attracted toward studies on the magnesium and its alloys as a potential biodegradable bone implant materials. Biodegradable materials are defined as resorbable materials and degrade at the same rate at which the host tissue regenerates. The developed interest of magnesium is due to their properties such as biodegradability in bio-environment, mechanical properties such as elastic modulus, which may reduce the shielding effect problems [2] . Previous researchers have proved that magnesium based materials have good biocompatibility although the results are inconsistent. Hence, there is a need to improve the bioactivity and biocompatibility of the magnesium based material [3, 4, 5] . In the last 40 years, special properties of ceramic materials such as bio-glass have been exploited to provide better materials for certain implant applications. The first bio-glass developed was based on soda-lime phosphosilicates [6] and the common characteristic for bio-glasses is that they bond to bone with no fibrous tissue at the interface [7] . The advantage of bio-glasses is they inherit fast surface reaction, which may lead to fast tissue bonding, by forming an inorganic layer called apatite layer [8] while the disadvantage is they are mechanically weak. This paper presents the synthesis and characterization of magnesium/bio-glass composite produced via powder metallurgy.
Experimental Procedure
The pure magnesium powder was mixed with 5 wt. %, 10 wt. %, and 15 wt. % of bio-glass using a ball mill for 1 hour. The samples were labeled as A (100 wt. % Mg), B (95 wt. % Mg/ 5 wt. % bioglass), C (90 wt. % Mg/ 10 wt. % bio-glass) and D (85 wt. %/ 15 wt. % bio-glass). The mixtures were fabricated by cold compaction under a pressure of 500 MPa and followed by sintering at 500°C for 3 hours in an argon environment. True density of the sample was determined using the Gas Pycnometer (Model: Micromeritics AccuPyc II 1340). The theoretical density was calculated by the rule of mixture. The hardness of the samples was measured by the Vickers Hardness instrument. The in-vitro analysis was carried out according to the BS ISO 23317:2007 Implants for surgery -In vitro evaluation for apatite-forming ability of implant materials. The bioactivity of the samples was investigated by immersing the samples in the Phosphate Buffered Saline (PBS) solution. This simulated body fluid was prepared from PBS tablet that was supplied by the Sigma Aldrich Company. For 200 ml deionized water, one PBS tablet was diluted to get 200 ml PBS solution (Composition: 0.01 M phosphate buffer, 0.0027 M potassium chloride, 0.137 M sodium chloride). After 6 days of immersion, the samples were filtered, rinsed with distilled water and dried in the air. The samples were weighed before and after immersion test to analyze the weight changes. The functional groups of precipitates inside the PBS solution were analyzed by the Fourier Transform Infrared Spectroscopy (FTIR). Table 1 shows both measured and calculated density of the samples. The density increases as the amount of bio-glass increases. The density of magnesium and bio-glass is 1.738 g/cm 3 and 2.7 g/cm 3 respectively, because of this, adding bio-glass increased the density of composites. Bio-glass particles occupy the free space or pores at the interface between grains or grain boundaries of the composites [9] . Table 1 also shows the hardness of the composites increases as the amount of bio-glass increases. However, the hardness decreases as the amount of bio-glass is greater than 10 wt. % (sample C). This suggests that the optimum content of bio-glass is about 10 wt. %. The increase of hardness value of the composite is attributed to the presence of harder reinforcement phase inside the sample [10] . Table 2 shows mass loss and corrosion rate of the samples after immersed in the phosphate buffered saline (PBS) solution. Samples B, C, and D were shattered into powder after 6 days of immersion while for sample A, it was shattered after 1 day of immersion in the PBS. This shows that the degradation of magnesium composite is quite fast because of pure magnesium. As reported, corrosion rate of pure magnesium is higher than magnesium alloys [11] . Composite D has the lowest percentage of mass loss after immersion test. Mass loss of the samples decreases with increasing content of bio-glass. Similar result also reported for Co-Cr-Mo reinforced with bio-glass [12] . Figure 1shows SEM micrographs of the sintered samples. Surface defects and pores are observed in the samples. The pores defects are indicated by the black arrow and bio-glass is indicated by the white arrow. Figures 1 (c) and (d) show SEM micrographs of the sample D at higher magnification. Bio-glass particles have an angular shape and agglomerated. Micro-pores and cracks are found inside the bio-glass particles and this is due to the high pressure applied during the fabrication of the sample. Figure 1 (e) shows large defects or pores found in magnesium, which resulted of low hardness in sample D. Figure 2 shows FTIR spectra taken from the solution. Two peaks are observed at 3300 cm -1 and 1600 cm -1 , which refer to OH -and carbonate functional group respectively. All samples produce almost same peaks of absorption. Similar results also reported in the reference [13] for Ti-HAP composite. The carbonate group is related to pure carbonate, which indicates the presence of carbonate ions in the SBF solution. From the FTIR results (Figure 7 ), as more bioglass was added to the composite, the bands assigned to the group became stronger, indicating more carbonate groups present in the PBS. This carbonate in the PBS has the potential to react with ion Ca 2+ released from bio-glass to form CaCO 3 , which precipitates on the surface of the composite [14] . Table 3 shows the change of pH in the PBS after different day of immersion. Reference sample (A) shows pH increases dramatically only after 1 day of immersion. For samples B, C, and D, the pH also increases but at a lower rate compared to sample A. After 1 day, pH solution for sample A decreases while for samples B, C, and D, the pH remains constant until 4 days and again increases. 
Results and discussion

Summary
This work resulted in the successful fabrication of magnesium mixed with 5 wt. %, 10 wt. % and 15 wt. % of bio-glass. Generally, density and hardness increased with increasing content of bio-glass. Sample of the pure magnesium with 15 wt. % bio-glass gave the lowest hardness due to the large pores produced in the sample. Corrosion test showed composite has better corrosion resistance. Carbonate apatite layer was formed on the surface during in-vitro analysis, it was suggested that biodegradable magnesium could be transformed to a bioactive type materials by adding bio-glass. 
